In temperate woody plants, flowering time is adjusted to the environmental temperature, and 2 survival to cold winter temperatures is achieved through dormancy. But also chilling 3 temperatures during dormancy are required for proper flower bud development and flowering. 4
. While these reports 23 are clearly controversial, they share a common ground, and this is that in a number of 24 unrelated species from gymnosperms to angiosperms, meiosis appears to occur around 25 breaking of endodormancy. This variation may be due to differences in the timing of pollen 1 meiosis among species or alternatively, and more likely, in the different ways to determine the 2 breaking of endodormancy from empirical models. 3
In apricot, each cultivar is usually restricted to a particular geographical area with 4 certain ecological conditions, and low yields are obtained whenever particular cultivars are 5 grown in other areas (Layne et al., 1996; Ledbetter, 2008) . This narrow adaptability limits the 6 expansion of most apricot cultivars to other regions and countries. However, the causes of this 7 low adaptability are not understood (Hormaza et al., 2007) . 8
In this work we evaluate the hypothesis that winter cold temperatures affect the time 9
of pollen meiosis, which in turn reflects in differences in flowering time. For this purpose, 10
anther development was examined in several apricot cultivars with different chilling 11 requirements, analyzing the relationship between pollen meiosis and chilling fulfillment. The 12 work was performed over two years with different weather conditions, one with a cold and the 13 other with a warm winter. 14 15
Material and methods 1 2

Plant material 3 4
Trees of five apricot cultivars ('Canino', 'Corbato', 'Moniqui', 'Paviot' and 'Luizet') 5 with different chilling requirements were selected from an experimental orchard located at 6 CITA in Zaragoza (Spain) at 41º44′30′′N, 0º47′00′′W and 220 m altitude. The experiment was 7 performed over two years with different weather conditions: a cold and a mild winter. 8 9
Quantification of chilling 10 11
The dates of chilling fulfilment of each cultivar were estimated as the number of hours 12 below 7.2 ºC (chilling hours, CH) (Weinberger, 1950) , according to the chilling requirements 13 previously calculated for these cultivars in the same conditions of the experiments here 14 reported (Tabuenca, 1968 The theoretical chilling requirements for each apricot cultivar were fulfilled 10-15 3 days before in the cold than in the mild winter (Fig. 1) . Taking together the five cultivars over 4 the two years, the fulfilment of the different chilling requirements elapsed over one month. In 5 the cold winter year, chilling requirements were fulfilled before, but the subsequent flower 6 bud development was also slower than in the mild winter year, resulting in similar flowering 7 times (Fig. 2) . But the period of time between chilling fulfilment and budburst was variable 8 depending on cultivars and years, especially in the mild winter ( Fig. 1i ). Then tetrads were apparent (Supplemental Fig.  20 1b), closely followed by the release of the young microspores (Supplemental Fig. 1c) . 21
Although the onset of pollen meiosis was variable between cultivars and years, the 22 steps of anther development from endodormancy to budburst were conserved in an orderly 23 way in both years ( Fig. 2) . Following the same pattern of bud development, differences 24 between cultivars in anther development ( Fig. 2) were more conspicuous in the mild winter 25 year. But in both years, differences in timing were observed between the cultivars examined 1 according to their chilling requirements. The onset of male meiosis was detected in each 2 cultivar and year at different times, and this time always occurred once the particular chilling 3 requirements were fulfilled, but with flower buds still in stage A, closed and without external 4 signs of development. Thus, those cultivars that underwent first male meiosis flowered earlier 5 than those that reached meiosis later, and those cultivars with low chilling requirements 6 underwent meiosis earlier than those with high chilling requirements (Fig. 2) . 7
Observations from dissected flower buds between endodormancy and early budburst 8 did not show any signs of internal development during endodormancy, when the colour of 9 anthers were light-green (RHS codes YG-144C and, YG-N144D), corresponding to 10 sporogenous tissue (Supplemental Fig. 2a) . However, the colour of anthers changed from 11 light-green to green-yellowish (RHS codes YG-N144A, YG-151D, YG-151A) just following 12 meiosis (Supplemental Fig. 2b ). At the young microspore stage, the anthers became yellowish The comparison of five cultivars with different chilling requirements over two years 18 with a cold and a mild winter showed that although differences in timing were observed 19 between cultivars and years, in all cases the same sequence of events followed breaking of 20 endodormancy. After the fulfilment of chilling requirements, pollen meiosis occurred and was 21 followed by the change in the colour of anthers, which was concomitant with an increase in 22 bud weight (Fig. 3) . In the different cultivars and years, the time lapse from the fulfilment of 23 chilling requirements to bud burst ranged from two to six weeks. But the fulfilment of chilling 24 requirements and meiosis took from two to three weeks. 25 Taking the five cultivars over the two years showed that while no or very weak 1 correlation could be found between chilling fulfilment and bud burst, or full bloom, a positive 2 significant correlation could be found between chilling fulfilment and meiosis or anther 3 colour; and these two parameters were also correlated with full bloom (Table 1) . 4
The data from this initial study indicate that winter cold temperatures clearly have a bearing 3 on the time of pollen meiosis, which in turn is reflected in flowering time. Endodormancy 4 break is followed by a conserved sequence of events; pollen meiosis is one of the first 5 indicators, which is closely followed by a change in the anther colour that can be seen to the 6 naked eye. 7 
Conclusion 7 8
Overall, in all the apricot cultivars observed herein and over both years pollen meiosis 9
closely followed the fulfilments of chilling requirements. Moreover this was followed by a 10 change in anther colour that was visible to the naked eye. The good correlations found 11 between chilling requirements, meiosis and flowering time shows that winter cold conditions 12 have a clear bearing on the time of meiosis, which in turn is highly correlated to flowering 13 * P < 0.05; ** P < 0.01; NS Not significant. Table 1 
